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Description 

[0001] This invention relates to wellbore tractors and, 
in one particular aspect, to a tractor system useful in a 
non-vertical wellbore to move continuously a tubular 5 
string, a wireline, a cable, or coiled tubing. 
[0002] In vertical wellbores and semi-vertical well- 
bores which are not highly deviated, wirelines, cable, 
coiled tubing, tubular strings and tools introduced into 
the wellbore move down into the wellbore by the force 10 
of gravity. 

[0003] Cable or wireline reaches a deviation threshold 
(e.g. for certain systems a deviation of about 70° from 
the vertical, e.g. wireline systems) at which gravity no 
longer provides the necessary force and resulting ten- 15 
sion to move the cable or wireline down and through a 
wellbore. 

[0004] To a certain extent, tubular strings and coiled 
tubing can be pushed through a deviated wellbore, even 
part of a horizontally or upwardly-directed wellbore; but 20 
there is a limit to the length of coiled tubing that can be 
pushed in this manner. When compressive loads in a 
tubular string become large enough, the tubular string 
forms a helical jam in the wellbore (cased or uncased), 
and further insertion movement is prevented. This is 25 
known as "helical lockup." 

[0005] US-A-4 558 751 discloses an apparatus for 
propelling equipment through a fluid filled conduit. The 
apparatus comprises two bodies which can engage the 
inner surface of the conduit, and a biasing element con- 30 
nected therebetween. The biasing element responds to 
a reduction and increase in fluid pressure within the con- 
duit by moving the two bodies toward and away from 
one another respectively. Thus, by selective engage- 
ment with the inner surface, the apparatus can move 35 
. through the conduit in an "inchworm" fashion. It will be 
noted that when engaged with the inner surface each 
body is not movable relative thereto. 
[0006] With reference to WO 97/0841 8 the applicant 
has voluntarily limited the scope of the present applica- 40 
tion for all designated countries, despite the fact that WO 
97/08418 is an intervening national right in the UK only. 
[0007] The present invention relates to a continuous, 
or nearly-continuous motion, wellbore tractor system 
which has at least one slip unit (and in certain embodi- 45 
ments two slip units) with retractable slips for engaging 
an interior wall of casing or of a wellbore, and at least 
one movement unit for moving an item such as, but not 
limited to, a tubular string, cable, wireline, or coiled tub- 
ing through a wellbore. In one aspect, while the slip unit so 
or slip units are involved in engaging and disengaging 
from a wellbore, the movement unit(s) move the item. 
In one aspect of such a system, with two slip units and 
two movement units, power strokes of the movement 
units overlap, so that there is no interruption in the mo- 55 
tion of the item. 

[0008] It is, therefore, an object of the present inven- 
tion to provide wellbore tractor devices and methods of 



their use. 

[0009] Accordingly, the present invention provides a 
wellbore tractor system for moving a component along 
a wellbore or like passage extending from the surface 
to an underground location, the system comprising: 

a body connectable to the component, the body 
having mounted on it anchoring means for selec- 
tively engaging the inner surface of the wellbore in 
a releasable manner; 

means for moving the component longitudinally rel- 
ative to the anchoring means when engaged with 
the inner surface of the wellbore, and 
means for moving the anchoring means longitudi- 
nally with respect to the component, in the direction 
of travel thereof, after the anchoring means has 
been disengaged from the inner surface of the well- 
bore, 

characterised in that said body is movable relative 
to said anchoring means when engaged with the inner 
surface of the wellbore to effect movement of said com- 
ponent along the wellbore, and in that said anchoring 
means comprise slips. 

[0010] Further features are set out in Claim 2 to 8. 
[001 1] According to another aspect of the present in- 
vention there is provided a method of moving a payload 
which comprises the step of using a system in accord- 
ance with the present invention to move said payload 
along a wellbore. 

[0012] According to another aspect of the present in- 
vention there is provided a method of moving a compo- 
nent along a wellbore or like passage extending from 
the surface to an underground location, which method 
comprises the steps of: 

(1 ) connecting a wellbore tractor comprising a body 
and first anchoring means mounted on said body, 
to a component and inserting said wellbore tractor 
and component into a wellbore; 

(2) engaging the inner surface of said wellbore with 
said first anchoring means; 

(3) moving said component relative to said anchor- 
ing means when engaged with said inner surface; 

(4) releasing said first anchoring means from said 
inner surface; and 

(5) advancing said first anchoring means in the di- 
rection of travel of the component; 

characterised in that said first anchoring means 
comprise slips and in that step (3) is by moving said body 
relative to said first anchoring means. 
[0013] Further steps of the method are set out in 
Claims 11 and 12. 

[0014] In one embodiment the present invention dis- 
closes a wellbore tractor system for moving an item 
through a wellbore, the wellbore extending from earth 
surface to an underground location, the system having 



2 



3 



EP0 951 611 B1 



') 

4 



a body connected to the item, first setting means on the 
body for selectively and releasably anchoring the sys- 
tem in a wellbore, first movement means on the body 
for moving the body and the item, the first movement 
means having a first power stroke. The wellbore tractor 
has second setting means for selectively and releasably 
anchoring the system in the wellbore, the second setting 
means being spaced apart from the first setting means, 
and second movement means on the body providing a 
second power stroke for moving the body and the item, 
the second movement means being spaced apart from 
the first movement means. In this a wellbore tractor sys- 
tem the first power stroke temporally overlaps the sec- 
ond power stroke, so that the item is moved continuous- 
ly. 

[0015] The item being moved into the wellbore may 
be a tubular string of interconnected tubular members 
or a wireline. The wellbore tractor system of this inven- 
tion may comprise first setting means including a selec- 
tively-movable first sleeve, and first slip means pivotably 
connected to the first sleeve for engaging an interior wall 
of the wellbore so that, upon movement of the first 
sleeve in a first direction, the first slip means is moved 
into engagement with the interior wall and, upon move- 
ment of the first sleeve in a second direction the first slip 
means is moved out of engagement with the interior 
wall. It may also comprise hydraulic apparatus for mov- 
ing the selectively-movable first sleeve, the hydraulic 
apparatus being powered by fluid under pressure 
pumped into the hydraulic apparatus from the earth's 
surface through the item being moved. The wellbore 
tractor system may comprise a selectively-movable sec- 
ond sleeve, and second slip means pivotably connected 
to the second sleeve for engaging an interior wall of the 
wellbore so that, upon movement of the second sleeve 
in a first direction, the second slip means is moved into 
engagement with the interior wall and, upon movement 
of the second sleeve in a second direction, the second 
slip means is moved out of engagement with the interior 
wall. 

[0016] The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which: 

Fig. 1 A is a side view in cross-section of a wellbore 
tractor system according to the present invention; 
Fig. 1 B is an enlargement of a portion of the system 
of Fig. 1A; 

Fig. 1C1 and 1C2 is an enlargement of a portion of 
the system of Fig. 1 A, and includes a schematic rep- 
resentation of an hydraulic circuit of the system; 
Fig. 2A is a side view in cross-section of a second 
embodiment of the present invention; 
Fig. 2B is an enlarged view of part of the system of 
Fig. 2A; 

Figs. 3A - 3E illustrate a sequence of operations of 
the system of Fig. 2; 

Fig. 4 is a side view in cross-section of a third em- 



bodiment of the present invention; 
Fig. 5 is a side view in cross-section of a fourth em- 
bodiment of the present invention; and 
Figs. 6A - 6D illustrate a sequence of operation of 
5 the system of Fig. 5. 

[0017] As shown in Figs. 1A - 1C, a wellbore tractor 
system 100 according to the present invention has two 
tractor units, an upper unit 1 50 and a lower unit 1 60. The 

10 upper half 150 has a mud motor 102 in fluid communi- 
cation with a wellbore tubing string 101 such as is typi- 
cally interconnected with a wellbore mud motor. An in- 
flatable hydraulic fluid reservoir bladder 103 is disposed 
in a chamber 1 51 in a housing 1 52. The mud motor 102 

15 is powered by pressurized fluid selectively supplied 
through the tubing 101 , into the housing 1 52, to the mud 
motor 102. Fluid exhausts from the mud motor 102 
through ports 106 which are in fluid communication with 
an internal bore 118 through the system 100. 

20 [001 8] The mud motor 1 02 powers a pump 1 07 which 
pumps fluid under pressure from the bladder 103 in a 
line 105 and then in a line 128 through an annulus 108 
to the tractor units 150 and 160. The annulus 108 is be- 
tween an inner housing 1 1 0 which is secured to a middle 

25 housing 109, both of which are secured to the housing 
152. 

The tractor units advance the middle housing 109 (and 
hence the tubing string 101) by pushing against shoul- 
ders projecting outwardly from the middle housing 109, 

30 an upper shoulder 1 89 in the upper unit 1 50 and a lower 
shoulder 190 in the lower unit 160. Hydraulic circuit pip- 
ing and other elements interconnecting the pump 107 
and various tractor unit control valves and ports are lo- 
cated within the annulus 108. By way of a port 104, the 

35 pressure of fluid in an annulus 153 between an inner 
wall 1 34 of a wellbore 1 30 and an outer wall of the mud 
motor housing 152 is applied to the bladder 103. In the 
hydraulic circuit shown in Figs. 1B, 1C1 and 1C2, pump 
107 pumps fluid under pressure to a control valve 161 

40 and to a control valve 125. The control valve 161 con- 
trols the lower unit 160, and the control valve 125 and 
a second control valve 126 control the upper unit 150. 
[0019] A valve member 114 disposed around the mid- 
dle housing 109 has a body 154 with ribs 155, 156, 157 

45 which define a plurality of fluid communication cham- 
bers 170, 171, 172, and 173. A sleeve 133 disposed 
around the middle housing 109 is movable to move the 
valve member 1 1 4 so that various ports are in fluid com- 
munication via the communication chambers 170-173. 

so These ports include ports 111, 112, 113, 115, 116 and 
117. 

[0020] Pivotably secured to the outer housing 127 is 
a first slip arm 131, which is also pivotably secured at 
its other end to a slip 123. A second slip arm 132 has a 
55 first end pivotably secured to the slip 1 23, and a second 
end pivotably secured to the sleeve 133. As the outer 
housing 127 moves up with respect to the sleeve 133 
and with respect to the middle housing 1 09, the slip arms 
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1 31 , 1 32 pivot to move the slip 1 23 of the upper unit 1 50 
outwardly to contact and engage the inner wall 134 of a 
weilbore 130. 

[0021] The upper unit 150 has an outer housing 127 
which is movable with respect to the valve member 114 5 
and the middle housing 109. The lower unit 160 has a 
similar outer housing 147, slip arms 148 and 149, and 
slip 146 which operate in a similar fashion. 
[0022] The sleeve 1 33 has an activating ring 1 22 hav- 
ing a shoulder 197 which upon contact moves a pivot 10 
arm 121 of the valve member 114, thereby moving the 
valve member 114. A spring 120 biases the pivot arm 
121, and hence the valve member 114, initially down- 
wardly. An abutment surface 200 on the interior of the 
sleeves 1 33 is movable to contact valve stems 144 and 15 
178 of the control valves 125 and 126 respectively to 
move and operate these control valves. O-rings 201 in 
corresponding recesses seal interfaces between vari- 
ous elements. 

[0023] The control valve 1 25 is disposed in a chamber 20 
in the upper shoulder 1 89 of the middle housing 1 09 and 
has a valve member 1 77 which is connected to the valve 
stem 178 and is movable to permit fluid flow between 
ports 174 and 175 or between ports 175 and 176. The 
control valve 125 controls the fluid flow into a retract 25 
chamber 182 or a power chamber 183 of the upper unit 
150. 

[0024] The port 174 is in fluid communication with a 
flow line 192 to power chamber 183. The port 175 is in 
fluid communication with a flow line 1 39 which is in fluid 30 
communication with pump 107. The port 176 is in fluid 
communication with a flow line 191 which is connected 
to a retract chamber 182. 

[0025] The control valve 1 26 is diametrically opposed 
to the control valve 1 25 and works simultaneously in tan- 35 
dem with it. The control valve 126 is also disposed in a 
chamber in the upper shoulder 189 of the middle hous- 
ing 1 09 and has a valve member 1 40 which is connected 
to the valve stem 144 and is movable to permit fluid flow 
between ports 141 and 142 or between ports 142 and <o 
143. The control valve 126 controls the flow of fluid from 
the retract chamber 1 82 or from the power chamber 183 
of the upper unit 150. The port 143 is in fluid communi- 
cation with a flow line 1 67 which is connected to the pow- 
er chamber 183. The port 142 is in fluid communication 45 
with flow line 135 which leads back to bladder 103. The 
port 141 is in fluid communication with a flow line 166 
which is connected to the retract chamber 182. 
[0026] In a typical cycle of operation of the system 
100, the system 100 connected to a tubular string 101 so 
is introduced into the weilbore 130 and located at a de- 
sired location therein, e.g. by the force of gravity on the 
system 1 00. At that location, motive fluid under pressure 
is supplied down through the tubular string 101 to the 
mud motor 102. The mud motor 102 drives the pump 55 

107 which in turn pumps fluid under pressure from the 
bladder 1 03, through the line 119, into the annular space 

108 for provision to the various valves that control the 



tractor units 150 and 160. 

[0027] The pump 107 pumps hydraulic fluid under 
pressure into a line 199, to a line 138, to the port 112 
and to line 139 to the port 175. With the valve member 

114 in the position shown in Fig. 1C, fluid flows from the 
port 112, into the chamber 173, to the port 111, to a line 
194, and down to the lower unit 160. The fluid flows into 
a power chamber 181 of the lower unit 160 and flows 
from the power chamber 1 81 , through a port 187, into a 
chamber 186 setting the slip 146 of the lower unit. The 
fluid in the chamber 1 8 1 then pushes on the lower shoul- 
der 190 and moves the middle housing 109 down, the 
fluid in chamber 180 escapes via line 195 through port 

115 in valve member 114 and through port 116 to blad- 
der 103. The sleeve 133 of the upper unit 150 simulta- 
neously moves in a similar fashion by fluid entering port 
175 via line 139 into valve 161 which directs fluid into 
upper power chamber 183 via line 192. The fluid in 
chamber 182 escapes via line 166 into valve 140 and to 
bladder 103. 

[0028] The system 100/tubing 101 is moving down- 
wardly in the weilbore at this point in the cycle. 
[0029] As the sleeve 1 33 moves upwardly, the shoul- 
der 197 of the activating ring 122 contacts and then 
pushes on the pivot arm 121, compressing the spring 
120, and moving the valve member 114 upwardly (as 
viewed in Fig. 1C). 

[0030] As the pivot arm 121 is moves toward a notch 
129, the valve member 114 move upwardly and fluid 
flow is stopped between the ports 111 and 112, cutting 
off the flow of fluid to the power chamber 181 of the lower 
unit 160. At this point the power stroke of the lower unit 
160 ceases. While the activating ring 122 moves up- 
wardly over the pivot arm 1 21 in the notch 1 29, the valve 
member 114 is prevented from moving downwardly, and 
fluid flows through the port 112, through a chamber 172, 
through a port 113, to a line 195, to a retract chamber 
180 of the lower unit 160, and retraction commencing 
the retraction cycle. 

[0031] The size, length, disposition, and configuration 
of the activating ring 122 determine the length of time 
that fluid flows from the power chamber 1 81 of the lower 
unit 160. During this period, there is no fluid communi- 
cation between the ports 111 and 112. As the retract 
chamber 1 80 begins to fill with fluid under pressure and 
move the sleeve 133 downwardly, fluid in the power 
chamber 181 escapes through the line 1 94, to a line 1 37, 
to the port 117, to the chamber 170, to the port 116, to 
the line 1 93, to the line 1 36, and back to the bladder 1 03. 
[0032] Once the activating ring 122 has moved up- 
wardly beyond the notch 129, the pivot arm 121 is freed 
and is pivoted outwardly by the spring 1 20, and the valve 
member 114 is freed to move downwardly, again posi- 
tioning the chamber 1 73 so that fluid communication be- 
tween the ports 111 and 112 occurs. Fluid flows into the 
lower power chamber 181, and a new power stroke of 
the lower unit 160 commences. At every moment in the 
cycle, power is provided to move the tubular string 101 
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by the upper unit 1 50, by the lower unit 1 60, or by both. 
[0033] The control valves 125 and 126 control the flow 
of fluid under pressure to and from the upper unit 150. 
When the sleeve 1 33 has moved upwardly to a sufficient 
extent, the abutment surface 200 contacts the valve 
stems 144 and 178. Subsequent movement of the valve 
members 140 and 177 results in fluid escaping from the 
upper power chamber 183 to bladder 103 via line 167 
and valve 126 and fluid into the upper retract chamber 
182 via line 191 and valve 125, shifting the upper unit 
150 from a power stroke to a retraction stroke. 
[0034] When the retraction stroke of the upper unit 
150 begins, the power stroke of the lower unit 160 is 
already in progress (due to the timed and controlled in- 
troduction of fluid into the lower power chamber 181 as 
described above). When the retract stroke of the lower 
power unit 160 begins, the power stroke of the upper 
unit 150 is already in progress. Thus power is provided 
for the continuous movement of the tubular string 101 . 
[0035] When the sleeve 133 of the upper unit 150 
moves back downwardly, the valve stems 144 and 178 
contact an upper abutment surface 203 which shifts the 
valve members 140 and 177 back to their initial positions 
(e.g. as in Fig. 1 C) and a power stroke of the upper unit 
150 commences. 

[0036] A payload 1 58 such as logging tools, perforat- 
ing guns, sand clean-out equipment or any item run on 
the end of coiled tubing or on the end of a wireline) is 
connected to the bottom of the middle housing 109. 
[0037] Another embodiment of the invention is shown 
in Fig. 4, and is used to move a tubular string 302. Of 
course this system may be used to move pipe, cable, 
casing, or coiled tubing. A payload 324 is connected to 
a lower end 328 of a hollow mandrel 327. An upper end 
329 of the mandrel 327 is connected to the tubing 302, 
and the bore 337 of the mandrel 327 is in fluid commu- 
nication with a flow bore 338 through the tubing 302. 
[0038] Fluid at relatively high pressure is pumped 
down the tubing 302 into the mandrel 327, such as from 
a surface mud pump which pumps high-pressure liquid, 
which enters the mandrel 327 and exits it through ex- 
haust ports 323 near the lower end 328. Preferably the 
liquid is at a sufficiently high pressure thatjhe fluid pres- 
sure within the mandrel 327 is higher than the pressure 
of fluid in a wellbore 334 through which the system 300 
extends. 

[0039] The high pressure liquid enters an expansion 
chamber through a port 308. The expansion chamber 
307 is defined by an exterior surface of the mandrel 327, 
an interior surface of a slip housing 314, and a mandrel 
seal 309. The fluid also enters a slip set chamber 304 
through a port 305 which is in fluid communication with 
the expansion chamber 307. The slip set chamber 304 
is defined by an outer surface of the slip housing 314, 
and an inner surface of an upper housing 303. 
[0040] The increased pressure in the slip set chamber 
304 moves the upper housing 303 against a spring 306 
and toward a bottom housing 321. The spring 306 ini- 



tially abuts an inner shoulder 335 on the upper housing 
303 and a lower outer shoulder 336 of the slip set hous- 
ing 314, and urges these two members apart. This 
movement of the upper housing 303 (down in a vertical 

5 wellbore, laterally in a horizontal wellbore, at a diagonal 
in an inclined wellbore) toward the lower housing 321 
results in the setting of slips 311 against an inner wall 
334 of the wellbore 330, setting the slips and centering 
the system 300 in the wellbore 330. 

10 [0041] Each slip 311 has one end pivotably connected 
to a lower slip arm 312 which has a lower end pivotably 
connected to the slip housing 314, and its other end piv- 
otably connected to an upper slip arm 310 which has its 
upper end pivotably connected to the upper housing 

15 303. Setting of the slips 311 secures the upper housing 
303 and the bottom housing 321 in place in the wellbore 
330. 

[0042] The high-pressure liquid pushes against the 
seal 309, expanding the expansion chamber 307 and 

20 pushing the mandrel 327 (downwardly in Fig. 4), which 
results in longitudinal movement of the tubing 302. This 
also decreases the volume of a hydrostatic chamber 
325 the liquid escaping past the stop 315 into the well- 
bore 330, while increasing the volume of a sub-hydro- 

25 static chamber 326. The hydrostatic chamber 325 is de- 
fined by an outer surface of the mandrel 327 and an in- 
ner surface of sliphousing 314. The sub-hydrostatic 
chamber 326 is similarly defined. Movement of the man- 
drel 327 ceases when the seal 309 abuts a stop 315 on 

30 the inner surface of the slip housing 314. When the tub- 
ing string ceases its motion, the pumping of fluid into the 
tubing is stopped and then the pressure in the expansion 
chamber 307 and in the slip set chamber 304 equalize 
with the pressure in the wellbore 330. This allows the 

35 spring 306 to move the upper housing 303 away from 
the bottom housing 321 , which results in the disengage- 
ment of the slips 311 from the wall 334 of the wellbore 
330. 

[0043] Fluid pressure in the sub- hydrostatic chamber 

40 326 is significantly less than (such as 5000 psi (34MPa) 
to 6000psi (41MPa) the hydrostatic pressure ) of fluid in 
the wellbore 330, in the expansion and slip set cham- 
bers, and in a buffer chamber 319 below the sub-hydro- 
static chamber 326. This pressure differential causes 

45 the sub-hydrostatic chamber 326 to contract along with 
the expansion chamber 307 as the hydrostatic chamber 
325 expands. A spring 341 acts to dissipate the force of 
undesired impacts on the system and/or on the payload 
324. As a result of these chamber expansions and con- 

50 tractions, the upper housing 303 and the bottom housing 
321 (with the slips disengaged from the wellbore) move 
down with respect to the mandrel 327 until the spring 
341 is completely compressed. 
[0044] When the system 300 has moved, the surface 

55 mud pump is again activated to set the slips and move 
the mandrel to advance the tubing 302. A system such 
as the system 300 may be activated and deactivated by 
an operator at the surface cycling a pump to pump fluid 
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down to the system. In one aspect the system will be 
'on' for Intervals of about 30 s, and 'off for intervals of 
about 30 s. In some embodiments of this invention, it is 
possible to cycle the system at intervals as long as 3 
minutes or as short as 30 s. It is within the scope of this 
invention to use two or more tractor systems connected 
together so that the power strokes of the systems over- 
lap, providing continuous motion of the payload. 
[0045] Fig. 5 shows a wellbore tractor system 400 of 
the invention which provides near-continuous motion to 
move an item through a wellbore 480. 
[0046] The system 400 has a mandrel 450 with two 
tractor elements, a lower (or front) tractor unit 422, and 
an upper (or rear) tractor unit 413. The mandrel 450 is 
connected at one end to an item or string to be moved 
through a wellbore. 

[0047] The system 400 has two hydraulic circuits, a 
power-retract circuit for the two tractor units (including 
lines 463, 468 and 418), and a control circuit (including 
lines 464, 465, 467, 472, 407, 460 and 469 and valves 
405, 406, 410 and 420). 

[0048] Fluid for controlling the upper tractor unit flows 
to and from a rear pilot control valve 405, and fluid for 
controlling the lower tractor unit flows to and from a front 
pilot control valve 420. A pump 430 for the system may 
be driven by a downhole motor or it may be electrically 
powered and run on a cable. The pump 430 pumps fluid 
to and from a sump 431 and/or a sump 432. 
[0049] The upper tractor unit 413 has an arm mount 
481 to which is pivotably connected an end of a first arm 
482. The other end of the first arm 482 is pivotably con- 
nected to slip 483. The other end of the slip 483 is piv- 
otably connected to an arm mount 485. A slip set piston 
419 coacts with the arm mount 481. A seal 486 (such 
as an O-ring seal) seals the mandrel/slip set piston in- 
terface at one end of the slip-set piston 419. The other 
end of the slip-set piston 419 wraps over the outer end 
of the arm mount 481. An operating piston 417 is mov- 
ably disposed between the slip-set piston 419 and the 
mandrel 450. A port 416 is located between an end of 
the operating piston 41 7 and the arm mount 485. A seal 
487 seals the operating piston/mandrel interfaces. A 
seal 488 seals the arm mount/mandrel interface and the 
arm mount/slip-set piston interface. The mandrel has 
exterior shoulders 490, 491, 492 and 493. 
[0050] A spring 494 urges a rear pilot control valve 
405 away from the shoulder 490. A spring 495 urges a 
front pilot control valve 420 away from the shoulder 492. 
A spring 496 urges the arm mounts 481 and 485 apart. 
Seals 497 seal the rear-pilot-valve/mandrel interface. 
Seals 498 seal the front-pilot-valve/mandrel interface. 
[0051] The lower tractor unit 422 has an arm mount 
501 to which is pivotably secured one end of an arm 
502. The other end of the arm 502 is pivotably secured 
to one end of a slip 503. The other end of the slip 503 
is pivotably secured to one end of an arm 504. The other 
end of the arm 504 is pivotably secured to an arm mount 
505. One end of a slip-set piston 424 wraps over the 



arm mount 505 and the other end of the slip-set piston 
moves along the mandrel 450. A seal 506 seals the slip- 
set-piston/mandrel interface at one end of the slip-set 
piston 424. An operating piston 426 is movably disposed 

5 between the slip-set piston 424 and the mandrel 450. A 
seal 507 seals the shoulder 493/operating-piston inter- 
face. A seal 508 seals the operating-piston/mandrel in- 
terface. A seal 509 seals the arm-mount/mandrel inter- 
face and the arm-mount/slip-set-piston interface. 

w [0052] As shown in Figs. 5 and 6B, fluid under pres- 
sure through a line 468 enters an upper power chamber 
437. A portion of this fluid passes through a port 416, 
between the operating piston 417 and the slip-set piston 
419, to a chamber 439. As the chamber 439 expands, 

15 the upper end of the slip-set piston 41 9 pushes the arm 
482 and related apparatus so that the slips of the lower 
tractor unit 413 are moved out to engage the wellbore 
wall. Simultaneously fluid under pressure in the upper 
power chamber 437 acts on a shoulder 491 , driving the 

20 system 400 (to the right in Fig. 5) and the item or string 
attached to it further into the wellbore. Fluid in the re- 
traction chamber 447 escapes through line 471. Simul- 
taneously fluid under pressure in a line 418 from a valve 
406 enters a chamber436 to retract the slips of the lower 

25 tractor unit 422. In Fig. 6B the upper tractor unit's power 
stroke is nearly finished, and the retract stroke of the 
lower tractor unit is complete. 

[0053] The arm mount 481 pushes valve 405 so as to 
link control lines 408 and 407 which shifts valve 41 0 (see 

30 Fig. 6C). A bleed valve 411 provides sufficient flow re- 
striction in the pilot control port to allow the valve 41 0 to 
shift. Hence fluid under pressure is directed through a 
line 468 from retract chamber 447 of the upper tractor 
unit 413 to sump 432 and from pump 430 to power 

35 chamber 466. Retraction of the slips of the upper tractor 
unit 413 commences due to spring 496 forcing arm 
mount 481 and arm mounted 485 apart and hence fluid 
from chamber 439 into the low pressure sump 432. The 
chamber 466 of the lower tractor unit 422 begins filling, 
and the power stroke of the lower tractor unit 422 com- 
mences. At this time the lower tractor unit's retract 
chamber 436 is in fluid communication with a sump or 
reservoir 432 via line 418. The sumps 431 and 432 are 
indicated in two locations schematically, although only 

45 one sump may be used. 

[0054] As shown in Fig. 6B, fluid pressure in the power 
chamber 437 of the upper tractor unit is greater than that 
in the retract chamber 436 of the lower tractor unit, i.e., 
so the power chamber receives fluid at a sufficiently- 

50 high pressure to move the mandrel 450, while a pres- 
sure-relief valve 406 controls pressure in the various 
lines and ensures that pressure in the retract chamber 
is sufficient for retraction, but not greater than the pres- 
sure in the power chamber of the upper tractor unit. 

55 [0055] Preferably the dwell time between power 
strokes of the two tractor units, that is, the time required 
for the valve 41 0 to switch power fluid from one tractor's 
power chamber to the other chamber's power chamber, 
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is at most 5% of the cycle time, more preferably at most 
2%, and most preferably 1%. 

[0056] As the system 400 moves the mandrel 450, the 
slip-set piston 501 compresses the spring 495 and 
moves the pilot valve 420 so that fluid communication 
commences between lines 500 and 469. This permits 
fluid to flow through the line 469 to operate valve 410, 
thereby shifting the lower tractor unit from a power 
stroke to a retract stroke, and shifting the upper tractor 
unit from a retract stroke to a power stroke. 
[0057] Figs. 6A - 6D show the sequence of operation 
of the system 400. Fig. 6A shows the system as in Fig. 
5 for running a payload into a welibore or tubular. In Fig. 
6B, the upper tractor unit 413 is in its power stroke, and 
the lower tractor unit 422 is in its retract stroke, in Fig. 
6C, the upper tractor unit 41 3 is in its retract stroke and 
the power stroke of the lower tractor unit 422 has begun. 
Fig. 6D is like Fig. 6B, but in Fig. 6D the upper unit has 
just reached the end of a power stroke and is switching 
to a retract stroke, while the lower unit has just ended 
its retract stroke and is starting to set its slips. Hydraulic 
fluid pressure in ail chambers of the tractor elements is 
equalized (to stop the tractor system with the slips on 
both units retracted, such as in order to remove the trac- 
tor system from the welibore) with the pressure of fluid 
in the welibore 480, by means of the bleed valves 411 
and 412, through which fluid bleeds back to the sump 
432. Arrows on flow lines indicate flow direction. 
[0058] In Fig. 6B the upper tractor unit 413 has been 
activated so that its slip 483 is moved to engage the well- 
bore wall 484. The pump 430 provides hydraulic fluid 
under pressure to the power chamber 437 and the rear 
operating piston 417 through a line 415. The pilot-oper- 
ated directional valve 410 controls flow through the line 
415. The valve 410 is detented to provide a toggle action 
between two control positions and, in the absence of pi- 
lot pressure through a line 472 or a line 469, remains in 
the last position to which it is piloted. For start up, the 
valve 410 can be in either position, since fluid will be 
directed to a power piston of one of the tractor units, and 
either lines indicate flow direction. 
[0059] Fluid pressure in the power chamber 437 high- 
er than the fluid pressure in the retract chamber 447 
forces the mandrel 450 to traverse down the borehole 
(see Fig. 6B). Fluid exhausted from the retract chamber 
447 is fed through a reducing/relieving valve 406 back 
to the sump 432. 

[0060] This cyclical motion is repeated as long as the 
pump 430 is producing fluid under pressure, causing the 
system to "walk" through or down the borehole. When 
the pump 436 is stopped, the power lines 468 and 463 
to both power chambers bleed back to sump pressure. 
Spring loading of the slippers causes them to collapse 
back to the initial state, allowing the system to be re- 
trieved from the hole. 

[0061] There are three or four such units 413, 422 
spaced at 120° or 90° around the mandrel so that the 
mandrel stays substantially central in the borehole. 



[0062] Figs. 2 and 3A - 3E show a system 600 accord- 
ing to the present invention. 

[0063] The system 600 has a lower tractor unit 610, 
an upper tractor unit 620, and a central mandrel 653. 
5 The central mandrel 653 has in it a metre helical pas- 
sage 631 , the power thread, at one pitch (e.g. about six 
complete turns per metre) and a second helical passage 
632, the retract thread, at another pitch (e.g. about three 
complete turns per metre). A downhole motor 652 is 
io connected to the central mandrel 653 and is selectively 
powered from the surface to rotate the central mandrel 
653. There are two spaced-apart sets of oppositely- 
handed helical passages 631, 632. 
[0064] The system 600 provides continuous motion 
15 since, due to the difference in pitch of the two passages 
63 1 and 632, the power stroke of each tractor unit during 
which the system moves into the welibore, is longer in 
length than the return stroke. The return stroke is the 
part of the power cycle of a tractor unit in which the trac- 
tor unit is not advancing the system along the welibore, 
but is being moved with the system while the other trac- 
tor unit is anchored against the wellbore's interior. 
[0065] In a typical cycle of operation of the system 
600, motive fluid is pumped down tubing 651 from the 
surface to power the mud motor 652. This rotates the 
mud motor, which in turn rotates the central mandrel 
653. A passage follower 655 secured to the middle 
housing 656 engages and rides in the passage (which 
includes the power thread handed in one direction and 
the retract thread handed in the other direction) thereby 
moving a middle housing 656 (upwards in Fig. 2) in re- 
lation to an inner housing 657. This movement decreas- 
es the size of a power chamber 658, and fluid therein is 
compressed. This fluid is transmitted through a port 659 
to a slip-set chamber 678. Introduction of the fluid into 
the slip-set chamber 678 expands the chamber, result- 
ing in the movement of an outer housing 660 (upwards 
in Fig. 2) over the middle housing 656, thereby setting 
slips 634. 

[0066] As the slip-setting continues, excess fluid in 
the slip-set chamber 678 flows through a pressure reg- 
ulator valve port 663 into a reservoir chamber 662, thus 
maintaining a constant pressure, slightly above the hy- 
drostatic pressure of fluid in the welibore annulus and 
in the slip set chamber 678, keeping the slips 634 set. 
A compensating piston 664 maintains a constant hydro- 
static pressure (pressure level in the annulus between 
the system's exterior and the wellbore's interior) in the 
reservoir chamber 662. A retaining collar 665 prevents 
the compensating piston 664 from moving past the low- 
er end of the middle housing 656 and hydrostatic ports 
663 allow hydrostatic pressure from the welibore to act 
below the compensating piston 664. 
[0067] The follower 655 in the passage 631 also pulls 
the inner housing 657 through the middle housing 656 
and through the outer housing 660 through a centralizer 
667, thus moving the tubing 651 into the welibore. 
[0068] At the end of the power stroke, the follower 655 
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reaches the end of its passage 631 , and shifts into the 
retract passage 632, reversing its longitudinal move- 
ment to begin a retract cycle. During the retract cycle of 
one tractor unit, the fluid pressure in all the chambers of 
the unit returns to hydrostatic pressure via ports 659, 5 
663 and 666, allowing disengagement and unsetting of 
the slips. With the slips of the upper tractor unit disen- 
gaged, the middle housing 656 and outer housing 660 
are pulled downward relative to the inner housing 657 
by the lower tractor unit. At the end of the retract cycle 10 
of the upper unit, the follower 655 again enters the pow- 
er passage and reverses its longitudinal movement to 
commence another power stroke of the upper unit. 
[0069] Since both the upper tractor unit 620 and the 
lower tractor unit 610 operate on the central mandrel « 
653 with its interconnected power and retract passages, 
and each unit's power stroke is longer than its retract 
stroke, the power strokes will always overlap in time, 
and the system 600 will provide continuous motion. It is 
always the case that, when one unit is in its retract stroke 20 
the other unit is in part of its power stroke. It is within the 
purview of this invention for the helical passages and 
followers to be replaced by a helical screw-thread with 
appropriate grooved followers. 

[0070] Figs. 3A- 3E illustrate a typical cycle of the sys- 25 
tern 600. In Fig. 3A, the power stroke of the upper tractor 
unit 620 is ending and the retract stroke of the lower 
tractor unit 610 is ending. In Fig. 3B, the upper tractor 
unit's slips 634 have been disengaged, and the power 
stroke of the lower tractor unit 610 is commencing. In 30 
Fig. 3C, the retract stroke of the upper tractor unit 620 
is nearing an end and the power stroke of the lower trac- 
tor unit 610 is on-going. In Fig. 3D, the slips of the upper 
tractor unit 620 have been set, the power stroke of the 
upper tractor unit 620 has commenced, the power 35 
stroke of the lower tractor unit 610 has ended and its 
retract stroke is beginning. In Fig. 3E, the power stroke 
of the upper tractor unit 620 is nearing its end, and the 
retract stroke of the lower tractor unit 610 is on-going, 
with the slips of the lower tractor unit 610 disengaged. *o 
The lower unit 610 is like the upper unit 620. 
[0071] A tractor system according to the present in- 
vention may be run with a "full-bore" payload that has a 
path therethrough or thereon for conveying power fluid 
to the tractor system. 45 
[0072] In conclusion, therefore, it is seen that the 
present invention provides a wellbore tractor system 
that represents a significant technical advance over 
known systems. 



Claims 

1. A wellbore tractor system (100, 600, 300, 400) for 
moving a component (101, 651, 302) along a well- 55 
bore or like passage (1 34, 334, 484) extending from 
the surface to an underground location, the system 
comprising: 



611 B1 14 

a body (109, 657, 327, 450) connectable to the 
component, the body having mounted on it an- 
choring means (123, 634, 311, 483) for selec- 
tively engaging the inner surface of the wellbore 
in a releasable manner; 
means (190, 655, 309, 491) for moving the 
component longitudinally relative to the anchor- 
ing means when engaged with the inner sur- 
face of the wellbore; and 
means (122, 632, 326, 447) for moving the an- 
choring means longitudinally with respect to the 
component, in the direction of travel thereof, af- 
ter the anchoring means has been disengaged 
from the inner surface of the wellbore, 

characterised in that said body is movable 
relative to said anchoring means when engaged 
with the inner surface of the wellbore to effect move- 
ment of said component along the wellbore, and In 
that said anchoring means comprise slips. 

2. A system as claimed in Claim 1 , powered by an in- 
termittently-driven pump for supplying fluid under 
pressure to the interior of the body, the fluid being 
vented into the wellbore, the cyclic and successive 
anchoring and longitudinal movement phases being 
effected in accordance with the instantaneous pres- 
sure differential between the body interior and the 
wellbore. 

3. A system as claimed in Claim 1 , including a second 
anchoring means (146, 610, 503) mounted on the 
body at an axially-spaced location, the two anchor- 
ing means being adapted to be powered in alternat- 
ing anchoring and longitudinal movement phases, 
which phases overlap in time so that movement of 
the component is substantially continuous. 

4. A system as claimed in any preceding claim, in 
which the or each anchoring means includes an ax- 
ially-movable sleeve (127, 660, 303, 417) of which 
axial movement relative to said body (109, 657, 
327, 450) effects radial movement of said anchoring 
means (123, 634, 311,483). 

5. A system as claimed in Claim 4, in which the relative 
axial movement of the sleeve is effected by hydrau- 
lic fluid of which the pressure is controlled, the fluid 
being supplied to the interior of the body via the 
component from a surface-mounted pump. 

6. A system as claimed in Claim 3, or Claim 3 and any 
claim dependent therefrom, in which the supply of 
hydraulic fluid to the anchoring means is controlled 
by control valves (126, 405, 420) in the form of col- 
lars embracing the body and movable axially there- 
of to interconnect associated hydraulic fluid lines. 
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7. A system as claimed in Claim 3, or Claim 3 and any 
claim dependent thereon, in which both anchoring 
means are powered by the rotary movement of a 
common mandrel (653) having in it composite hel- 
ical passages (632, 654) of which the pitches of the 5 
oppositely-handed portions are different from each 
other, each set of passages being engaged by a fol- 
lower (655) fast with one each of the anchoring 
means, the followers being engaged in different 
parts of its respective set of passages, whereby ro- 10 
tation of the mandrel effects longitudinal movement 

of both the mandrel and the disengaged anchoring 
means, relative to the engaged anchoring means. 

8. A system as claimed in any preceding claim, in *5 
which the body of the system is connected to a pay- 
load (158, 651, 324) for movement therewith. 

9. A method of moving a payload which comprises the 
step of using the system as claimed in any preced- 20 
ing claim to move said payload along a wellbore. 

10. A method of moving a component along a wellbore 
or like passage extending from the surface to an un- 
derground location, which method comprises the 25 
steps of: 

(1) connecting a wellbore tractor comprising a 
body and first anchoring means mounted on 
said body, to a component and inserting said 30 
wellbore tractor and component into a wellbore; 

(2) engaging the inner surface of said wellbore 
with said first anchoring means; 

(3) moving said component relative to said an- 
choring means when engaged with said inner 35 
surface; 

(4) releasing said first anchoring means from 
said inner surface; and 

(5) advancing said first anchoring means in the 
direction of travel of the component; 40 

characterised in that said first anchoring 
means comprise slips and in that step (3) is by mov- 
ing said body relative to said first anchoring means. 

45 

11. A method as claimed in Claim 11, said wellbore trac- 
tor further comprising second anchoring means, 
said method further comprising the steps of: 

(1) before or after said first anchoring means 50 
are released from said inner surface, engaging 
said inner surface with said second anchoring 
means; 

(2) moving said body relative to said second an- 
choring means to advance said component; 55 

(3) releasing said second anchoring means 
from said inner surface; and 

(4) advancing said second anchoring means 



relative to said body in the direction of travel of 
the component; 

wherein said second anchoring means com- 
prise slips and the method is such that step (1) is 
performed so that movement of said component 
through said wellbore is continuous or substantially 
continuous. 

12. A method as claimed in Claim 11, wherein step (1) 
comprises a dwell time of up to 5% of the cycle time 
of the first and second anchoring means. 



Patentanspruche 

1 . Bohrloch-Zugsystem (1 00, 600, 300, 400) zum Be- 
wegen einer Komponente (101 , 651 , 302) langs ei- 
nes Bohrlochs oder eines Shnlichen Durchlasses 
(134, 334, 484), der sich von der Oberflache zu ei- 
ner unterirdischen Steile erstreckt, wobei das Sy- 
stem umfaftt: 

einen Kdrper (109, 657, 327, 450), der mit der 
Komponente verbunden werden kann und an 
dem ein Verankerungsmittel (123, 634, 311, 
483) angebracht ist, das mit der inneren Ober- 
flache des Bohrlochs in losbarer Weise wahl- 
weise in Eingriff gelangen kann; 
Mittel (190, 655, 309, 491 ), die die Komponente 
in Langsrichtung relativ zu dem Verankerungs- 
mittel bewegen, wenn dieses mit der inneren 
Oberflache des Bohrlochs in Eingriff ist; und 
Mittel (122, 632, 326, 447), die das Veranke- 
rungsmittel in Langsrichtung in bezug auf die 
Komponente in Richtung ihrer Bahn bewegen, 
nachdem der Eingriff des Verankerungsmittels 
mit der inneren Oberflache des Bohrlochs ge- 
lost worden ist, 

dadurch gekennzeichnet, daft der Korper 
relativ zu dem Verankerungsmittel bewegltch ist, 
wenn dieses mit der inneren Oberflache des Bohr- 
lochs in Eingriff ist, urn eine Bewegung der Kompo- 
nente langs des Bohrlochs auszufuhren, und daft 
das Verankerungsmittel Gleiter umfaftt. 

2. System nach Anspruch 1 , das von einer intermittie- 
rend angetriebenen Pumpe mit Leistung versorgt 
wird, urn in den Innenraum des Korpers mit Druck 
beaufschlagtes Fluid zu iiefern, wobei das Fluid in 
das Bohrloch entleert wird, wobei die zyklischen 
und aufeinanderfolgenden Verankerungs- und 
Langsbewegungsphasen in Obereinstimmung mit 
dem momentanen Druckdifferential zwischen dem 
Innenraum des Korpers und dem Bohrloch ausge- 
fuhrt werden. 
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3. System nach Anspruch 1 , das ein zweites Veranke- 
rungsmittel (146, 640, 610, 503) umfafit, das am 
K6rper an einer axial beabstandeten Stelle ange- 
bracht ist, wobei die beiden Verankerungsmittel so 
beschaffen sind, dad sie in abwechselnden Veran- 5 
kerungs- und Langsbewegungsphasen mit Lei- 
stung versorgt werden, wobei die Phasen zeitiich 
uberlappen, so daft die Bewegung derKomponente 

im wesentlichen kontinuierlich ist. 

10 

4. System nach einem vorhergehenden Anspruch, bei 
dem das oder jedes Verankerungsmittel eine axial 
bewegliche Hulse (127, 660, 303, 417) enthalt, de- 
ren axiale Bewegung relativ zum Korper (109, 657, 
327, 450) eine radiate Bewegung des jeweiligen is 
Verankerungsmittels (123, 634, 311, 483) bewirkt. 

5. System nach Anspruch 4, bei dem die relative axia- 
le Bewegung der Hulse durch Hydraulikfluid bewirkt 
wird, dessen Druck gesteuert wird, wobei das Fluid 20 
dem Innenraum des Korpers uber die Komponente 
von einer an der Oberflache angebrachten Pumpe 
zugefuhrt wird. 

6. System nach Anspruch 3 Oder nach Anspruch 3 und 25 
einem hiervon abhangigen Anspruch, bei dem die 
Zufuhr von Hydraulikfluid zu den Verankerungsmit- 
teln durch Steuerventile (1 26, 405, 420) in Form von 
den Korper umgebenden Kranzen, die hierzu axial 
beweglich sind, urn zugeordnete Hydraulikfluidlei- 30 
tungen miteinander zu verbinden, gesteuert wird. 

7. System nach Anspruch 3 Oder nach Anspruch 3 und 
einem hiervon abhangigen Anspruch, bei dem bei- 

de Verankerungsmittel durch die Drehbewegung ei- 35 
nes gemeinsamen Dorns (653) mit Leistung ver- 
sorgt werden, wobei der Dorn in sich zusammenge- 
setzte schraubenlinienformige Durchlasse (632, 
654) besitzt, deren Steigungen der entgegenge- 
setzten Abschnitte voneinander verschieden sind, <o 
wobei jede Gruppe von Durchlassen durch einen 
Folger (655) jeweils mit einem der Verankerungs- 
mittel in Eingriff ist, wobei die Folger in verschiede- 
nen Teilen ihrer jeweiligen Gruppe von Durchlassen 
in Eingriff sind, wobei die Drehung des Dorns eine 45 
Langsbewegung sowohl des Dorns als auch des 
nicht in Eingriff befindlichen Verankerungsmittels in 
bezug auf das in Eingriff befindliche Verankerungs- 
mittel bewirkt. 

50 

8. System nach einem vorhergehenden Anspruch, bei 
dem der Korper des Systems mit einer Nutzlast 
(158, 651, 324) verbunden ist, urn sich damitzu be- 
wegen. 

55 

9. Verfahren zum Bewegen einer Nutzlast, das den 
Schritt des Verwendens des Systems nach einem 
vorhergehenden Anspruch umfafit, urn die Nutzlast 



langs eines Bohrlochs zu bewegen. 

10. Verfahren zum Bewegen einer Komponente langs 
eines Bohrlochs oder eines ahnlichen Durchlasses, 
der sich von der Oberflache zu einer unterirdischen 
Stelle erstreckt, wobei das Verfahren die folgenden 
Schritte umfalit: 

(1) Verbinden einer Bohrloch-Zugeinrichtung, 
die einen Korper und ein am Korper angebrach- 
tes erstes Verankerungsmittel umfafit, mit einer 
Komponente und Einsetzen der Bohrloch-Zug- 
einrichtung und der Komponente in ein Bohr- 
loch; 

(2) Herstellen eines Eingriffs zwischen der in- 
neren Oberflache des Bohrlochs und dem er- 
sten Verankerungsmittel; 

(3) Bewegen der Komponente relativ zu dem 
Verankerungsmittel, wenn dieses mit der inne- 
ren Oberflache in Eingriff ist; 

(4) Losen des ersten Verankerungsmittels von 
der inneren Oberflache; und 

(5) Vorschieben des ersten Verankerungsmit- 
tels in Richtung der Bewegung der Komponen- 
te; 

dadurch gekennzeichnet, dad das erste 
Verankerungsmittel Gleiter umfafit und daft der 
Schritt (3) durch Bewegen des Korpers relativ zu 
dem ersten Verankerungsmittel ausgefuhrt wird. 

1 1 . Verfahren nach Anspruch 1 0, bei dem die Bohrloch- 
Zugeinrichtung ferner ein zweites Verankerungs- 
mittel umfafit, wobei das Verfahren ferner die fol- 
genden Schritte umfafit: 

(1) Herstellen eines Eingriffs zwischen der in- 
neren Oberflache und dem zweiten Veranke- 
rungsmittel, bevor oder nachdem der Eingriff 
des ersten Verankerungsmittels mit der inneren 
Oberflache geldst wird; 

(2) Bewegen des Korpers relativ zu dem zwei- 
ten Verankerungsmittel, urn die Komponente 
vorwartszuschieben; 

(3) Losen des zweiten Verankerungsmittels 
von der inneren Oberflache; und 

(4) Vorwartsschieben des zweiten Veranke- 
rungsmittels relativ zu dem Korper in Richtung 
der Bewegung der Komponente; 

wobei das zweite Verankerungsmittel Gleiter um- 
fafit und das Verfahren so beschaffen ist, dali der 
Schritt (1 ) in der Weise ausgefuhrt wird, daft die Be- 
wegung der Komponente durch das Bohrloch kon- 
tinuierlich oder im wesentlichen kontinuierlich ist. 

12. Verfahren nach Anspruch 11, bei dem der Schritt 
(1) eine Stehzeit von bis zu 5% der Zykluszeit der 
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ersten und zweiten Verankerungsmittel besitzt. 



Revendications 

5 

1. Systeme de tracteur de sonde (1 00, 600, 300, 400) 
destine a deplacer un composant (101, 651, 302) 
le long d'une sonde ou d'un passage equivalent 
(134, 334, 484) s'etendant depuis la surface vers 
un emplacement souterrain, le systeme w 
comprenant : 



2. Systeme selon la revendication 1 , alimente par une 
pompe a comma nde intermittente destinee a intro- 
duce du fluide sous pression a I'interieur du corps, 40 
le fluide etant decharge dans la sonde, les phases 
cycliques successives de fixation et de mouvement 
longitudinal etant effectuees selon le differentiel de 
pression instantane entre I'interieur du corps et la 
sonde. 45 

3. Systeme selon la revendication 1 , comprenant des 
deuxiemes moyens de fixation (146, 610, 503) mon- 
tes sur le corps au niveau d'un emplacement espa- 

ce de maniere axiale, les deux moyens de fixation so 
etant adaptes pour etre alimentes en phases de 
fixation alternative et de mouvement longitudinal, 
lesquelles phases se chevauchent dans le temps 
afin que le mouvement du composant soit sensible- 
ment continu. 55 

4. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel les ou chaque 



moyens de fixation comprennent un manchon mo- 
bile de maniere axiale (127, 660, 303, 417) dont le 
mouvement axial par rapport audit corps (109, 657, 
327, 450) effectue un mouvement radial desdits 
moyens de fixation (123, 634, 311 , 483). 

5. Systeme selon la revendication 4, dans lequel le 
mouvement axial du manchon est effectue par un 
fluide hydraulique dont la pression est commandee, 
le fluide etant introduit a I'interieur du corps par I'in- 
termediaire du composant depuis une pompe mon- 
tee sur la surface. 

6. Systeme selon la revendication 3, ou la revendica- 
tion 3 et une revendication quelconque dependante 
de celle-ci, dans lequel Pintroduction du fluide hy- 
draulique vers les moyens de fixation est comman- 
dee par des vannes de regulation (126, 405, 420) 
sous la forme de bagues d'arret encerclant le corps 
et mobiles de maniere axiale autour de celui-ci afin 
d'interconnecter les conduites de fluide hydraulique 
associees. 

7. Systeme selon la revendication 3, ou la revendica- 
tion 3 et une revendication quelconque dependante 
de celle-ci, dans lequel les deux moyens de fixation 
sont alimentes par le mouvement rotatif d'un man- 
drin commun (653) possedant en son interieur des 
passages helicoTdaux composites (632, 654) dont 
les pas des parties se faisant face sont differents 
les uns des autres, chaque ensemble de passages 
etant en prise par un fouloir (655) de maniere rapide 
avec chacun des moyens de fixation, les fouloirs 
etant en prise dans differentes pieces de son en- 
semble respectif de passages, moyennant quoi la 
rotation du mandrin effectue un mouvement longi- 
tudinal a la fois du mandrin et des moyens de fixa- 
tion debrayes, par rapport aux moyens de fixation 
en prise. 

8. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel le corps du systeme 
est relie a une charge utile (1 58, 651 , 324) pour un 
mouvement avec celle-ci. 

9. Procede de deplacement d'une charge utile qui 
consiste a utiliser le systeme tel que revendique 
dans Tune quelconque des revendications prece- 
dentes afin de deplacer ladite charge utile le long 
d'une sonde. 

10. Procede de deplacement d'un composant le long 
d'une sonde ou d'un passage equivalent s'etendant 
depuis la surface vers un emplacement souterrain, 
lequel procede consiste a : 

(1) relier un tracteur de sonde comprenant un 
corps et des premiers des moyens de fixation 



un corps (1 09, 657, 327, 450) pouvant etre relie 
au composant, le corps ayant monte sur lui des 
moyens de fixation (123, 634, 311, 483) desti- 15 
nes a mettre en prise de maniere selective la 
surface interieure de la sonde de maniere 
detachable ; 

des moyens ( 1 90, 655, 309, 491 ) destines a de- 
placer le composant de maniere longitudinale 20 
par rapport aux moyens de fixation lorsqu'ils 
sont en prise avec la surface interieure de la 
sonde ; et 

des moyens ( 1 22, 632, 326, 447) destines a de- 
placer les moyens de fixation de maniere Ion- 25 
gitudinale par rapport au composant, dans la 
direction de cheminement de celui-ci, apres 
que les moyens de fixation ont ete debrayes de 
la surface interieure de la sonde, 

30 

caracterise en ce que ledit corps est mobile 
par rapport auxdits moyens de fixation lorsqu'il sont 
en prise avec la surface interieure de la sonde afin 
d'effectuer un mouvement dudit composant le long 
de la sonde et en ce que lesdits moyens de fixation 35 
comprennent des glissements. 
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months sur ledit corps a un composant et insu- 
rer ledit tracteur de sonde et le composant a 
Tinterieurd'une sonde ; 

(2) mettre en prise la surface interieure de la- 
dite sonde avec lesdits premiers moyens de 5 
fixation ; 

(3) deplacer ledit composant par rapport 
auxdits moyens de fixation lorsqu'ils sont en 
prise avec ladite surface interieure ; 

(4) liberer lesdits premiers moyens de fixation io 
de ladite surface interieure ; et 

(5) faire avancer lesdits premiers moyens de 
fixation dans la direction de cheminement du 
composant ; 

15 

caracterise en ce que lesdits premiers 
moyens de fixation comprennent des giissements 
et en ce que I'etape (3) est realisee par le deplace- 
ment dudit corps par rapport auxdits premiers 
moyens de fixation . 20 



11. Procede selon la revendication 10, ledit tracteur de 
sonde comprenant en outre des deuxiemes 
moyens de fixation, ledit procede consistant en 
outre a : 25 



(1 ) avant ou apres que lesdits premiers moyens 
de fixation ont ete liberes de ladite surface in- 
terieure, mettre en prise ladite surface interieu- 
re avec lesdits deuxiemes moyens de fixation ; 30 

(2) deplacer ledit corps par rapport auxdits 
deuxiemes moyens de fixation pour faire avan- 
cer ledit composant ; 

(3) liberer lesdits deuxiemes moyens de fixa- 
tion de ladite surface interieure ; et 35 

(4) faire avancer lesdits deuxiemes moyens de 
fixation par rapport audit corps dans la direction 
de cheminement du composant ; 



dans lequel lesdits deuxiemes moyens de *o 
fixation comprennent des giissements et le procede 
est tel que I'etape ( 1 ) est executee afin que le mou- 
vement dudit composant a travers ladite sonde soit 
continu ou sensiblement continu. 

45 

12. Procede selon la revendication 11, dans lequel 
l'6tape (1) comprend un temps de sejour represen- 
tant jusqu'a 5 % du temps de cycle des premiers et 
des deuxiemes moyens de fixation. 
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FIG. JC2 
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j FIG . 3 A 
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FIG 3D 



FIG. 3E 
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FIG. 6C FIG. 6D 
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